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Electroweak SUSY Production

Chargino X;t and neutralino ){? :
Mixed states of Higgsinos and Electroweak gauginos

~( ~ - -
m(x9) > m(x3) > m(x9) > m(x})

m()@t) > m()zf‘:)




Search for production of neutralinos and charginos
R-Parity conserved

Simplified SUSY models

Targets fully leptonic final states + missing energy
https://arxiv.org/abs/2106.142 46 “SUS-19-0127

Multilepton search: signal models

M(LSP) and M(chargino)
free parameters

M(NSLP) free
parameter

Slepton-mediated decay WZ/WH-mediated decay Gauge Mediated SUSY breaking

e  Sleptons too heavy e  Gravitino LSP
e Leptonic SM boson decay e Leptonic SM boson decay


https://arxiv.org/abs/2106.14246

Strategy and selection of multilepton search

Search categories defined according to final states

Final State Sensitive models

3 light leptons, OSSF

2 SS leptons

“compressed” scenarios
Small dm between SUSY particles

3 light leptons, no OSSF

nonresonant lepton production
from H decay

3 light leptons, OSSF

flavor democratic

3 leptons including tau

tau enriched
tau dominated

4 leptons

¢ Data
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e Large background from SM

Parametric NN

e Trained for:
o Slepton
mediated
o WZ-mediated

e  Parameter:
om = M(chargino)-M(LSP)

® Om driving factor for
kinematics

e Highly sensitive to flavor democratic

137 b (13 TeV)
— %X, WZ7,%,(650/50) & Data
[ Jwz [ Nonprompt
B zzH X+ y
t/t + X Il Multiboson
otal bkg. unc.

ZT%E—) wzyfzf, 3m = 600 GeV

04 06
Neural network output




Interpretation of multilepton SUSY search results

137 o (13 TeV)
PP = %%, — Vi, BRE— =1, m = 0.95m,+0.05m.,
bserved + 16,,,, (NN)  NLO+NLL excl.

=== Expected + 1 Geperiment (NN) = Expected (SR)
= JHEP03(2018)166 obs.

No significant excess

observed

137 fb™ (13 TeV)
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BR(—ZG)=1,m, ~m, ~m,m =1GeV
s Expected £ 16, pumon NLO+NLL excl.
Expected * 2 ¢, = Observed
JHEP03(2018)166 obs.

WZ-mediated:
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Observed + 1 Giheory (NN) NLO+NLL excl.
Expected + 1 G eyperiment (NN) = Expected (SR)
—— JHEP03(2018)168 obs.

“Flavor democratic”
slepton mediated

GMSB ZZ-mediated

Major improvements from
full Run II and NN

95% CL Upper limit on cross section (fb)




Search for Heavy Neutral Leptons



Heavy Neutral Leptons e HNL production in decays of W

bosons
e Depending on the mass of the HNL,

° No direct

i oract
g,li;rasieﬁis different scenarios arise
HNL

° Iﬁteracﬁions Low Mass: m(N) < m(W)
throug, W from HNL decay off-shell
mixing of
HNL with SM
neutrinos o 1GeV<m(N)<15GeV:

—9 _
T ox 5| Vin| “m N5
Long-lived HNL

Ongoing Full Run IT HNL analyses: : D??I;gla?e]:ildLelions

e Long-lived HNL (displaced) e 10GeV <m(N) <80 GeV:

o  Trilepton final state ( ) Prompt HNL '
— UGent
— Results are public and about to publish .

o Two same sign lepton final state ( ) M m(N) > m(W)
— UGent, UCL, Antwerp First W off-shell
— Almost final

e  Short-lived HNL (prompt): UGent-ULB o 80 GeV <m(N) <1500 GeV
o  Previous iteration with 2016 data:
o  Now adding tau coupling!



https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=EXO-20-009&tp=an&id=2360&ancode=EXO-20-009
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=EXO-21-011&tp=an&id=2468&ancode=EXO-21-011
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.221801

Heavy Neutral Leptons

No direct
interactions
with sterile
HNL
Interactions
through ’ P
mixing of i TNy EWPD
HNL with SM .
neutrinos

St

~I3y,
NUTEV

Ongoing Full Run II HNL analyses: B ; .

Long-lived HNL (displaced)

mN[Ge\/]O:
o  Trilepton final state (
— UGent
— Results are public and about to publish
o  Two same sign lepton final state ( ) = T
— UGent, UCL, Antwerp ' i i, lppr i

MATHUSLA200.

— Almost final
Short-lived HNL (prompt): UGent-ULB
o  Previous iteration with 2016 data:
o  Now adding tau coupling!

my ( Ge\))o2


https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=EXO-20-009&tp=an&id=2360&ancode=EXO-20-009
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=EXO-21-011&tp=an&id=2468&ancode=EXO-21-011
https://arxiv.org/abs/1901.09966

Displaced

Large background: (ie.
displaced leptons from
hadron decay)

—> Particle Flow Network

(PFN) trained:

2 dense neural networks
PFN used in background
estimation and signal region
definition

Displaced dilepton analysis
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. QCD .
— — HNL 5GeV V*z7e'

e Binned likelihood fit

to search regions

e Expected limits

compared to prompt
and displaced trilepton

138 o™ (13 TeV)
Diboson
%

+Jets ”
— . - HNL 3GeV V?=7¢"

0.8
Jet Tag Value

CMS Preliminary

——— DELPHI digplaced

= ATLAS 3I prc\mpl (2016)
- CMS 31 prompt'(g016)
Y 3

— DELPHI displaced
ATLAS 31 prompt (2016)

ATLAS displaced LNV (2016) -~

138 fb" (13 TeV)
Expected

- Expected + 1o
|:| Expected +2c

— ' — CMS 3l displaced (Run2)

10
My [GeV]

138 fb' (13 TeV)
Expected I
[ Expected + 1
[ Expected +2c

++ CMS 31 prompt (2016)

ATLAS displaced LNC (2016) — CMS 31 displaced (Run2)
\ .




137 " (13 TeV)

Displaced trilepton analysis S ifg e

=—— = CMS 3l prompt (2016)
Expected

[ Expected + 16

[ Expected + 2¢

—— Observed

e  Trilepton final state previously
explored in :
Prompt final states

e Now extended to lower m(N)
sensitivity with displaced
leptons

D iSplaced ®  Results are public:

10 12 14 16

e  No excess observed m, (GeV)
N

137 fo (13 TeV) se 137 %7 (13 TeV)
Data o [ 2016 sim. [[1] 2017 sim.
i 1 ——Da ? M 2018 sim.  Stat. uncertainty
Inr¥ovat.1ve techmqges for - 8 2018 s
estimation of tracking g(tvt;)er g
reconstruction and SV efficiency Stat. unc. 3

e [eft: electron reconstruction
and identification study in

Zg(*)
e Right: Efficiency validation g
USng ng — 7'('i 7'('i » 50 70 80 %_g
(e}

Displacement (cm)



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.221801
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-20-009/index.html

Prompt HNL analysis: Strategy and challenges

Only used

in high-mass

Categories

11 12 13 Name

1-8

Sensitive to UV
coupling

Soft leptons at low HNL
masses:

e Inclusive trigger
strategy (single lepton,
dilepton and trilepton
triggers)

e Corresponding object
selection

5-8

Sensitive to v, /v,
coupling

35.9 b7 (13 TeV)

T R R RN NN RN EEREEEEE RN REE
cMs | e
Preliminary trailing gen pT

— subleading gen P,

Events/ 1.0 GeV

— leading gen P,

m(N) =20 GeV

T T T T T T B

. i
10 20 30 40 50 60 70 80 90 104

p, [GeV]
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- Currently switching to UL
Prompt HNL analysis: e

137.1 fb™ (13 TeV)

Improvements and results

- + 1 std. deviation
+2 std. deviation

—— observed (EX0-17-012)

Improved Object Selection: S gt e
e New in-house MVA developed g T
by Ghent CMS group @
e Increase in efficiency per
lepton of 20%

10?

35.91b" (13 TeV)

my [GeV]
CMSs
Simulation POGID

efficiency: DY —=— |eptonMVAtop
misid: WJlets

137.1 16 (13 TeV)

E'cms

Simulation Asymptotic CLs expected

- +1 std. deviation

+ 2 std. deviation

-1 -08 -06 -04 -02 0 02 04 06 08
MVA score

Improved signal selection:
e Training MVA for low
and high mass regions
e Specialized signal samples
085 09 095 with gen filters for
efficiency optimal sample size




Conclusions

e Presented analysis searching for electroweak production of SUSY using full Run II
data
No significant excesses observed

Presented HNL searches in CMS
Displaced HNL searches are nearing final stages

Prompt HNL search, which will close the circle, is switching to UL
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SUS-19-012: signal models

M(LSP) and M(chargino)
free parameters

WH also explored in

SUS-20-003

e Different flavor scenarios

depending on composition of o

chargino/neutralino: o
o “Flavor democratic”: Equal

probability for all lepton flavors °

o  Tau enriched: Chargino decay o

favors taus
o  Tau dominated: Exclusive decay
to taus

Search for production of neutralinos and charginos
R-Parity conserved

Simplified SUSY models
Targets fully leptonic final states + missing energy

https://arxiv.org/abs/2106.142 46

M(NSLP) free
parameter

o  Gauge Mediated SUSY

Sleptons too heavy breaking

Forced decay to SM bosons and e  Higgsino-like

LSP chargino/neutralino
Leptonic SM boson decay e -~ massless gravitino
BR ~3%: Much lower than e ~mass degenerate
slepton mediated decay charginos/neutralinos

e  Effective NLSP production

15


https://arxiv.org/abs/2106.14246

SUS-19-012: Backgrounds

Estimated from simulation and validated in

control regions in data:
e WZ: Additional validation of MT
distribution for effects from:
©  mispairing of leptons
o  MET resolution
4
tX/ttX
Triboson
Internal/external conversion

A
4 Types of SM backgrourﬁ\

e (SM events with 3 or mor
prompt leptons or SS dilept
e |External and internal
onversions of photons
e | Nonprompt backgrounds }'
e (Charge mismeasurement

Estimated using data-driven “tight-to-loose” method:
e  Main contributions:
o ttbar
o DY
e Light lepton ratio measured in single lepton
QCD-enriched events
e  Tau ratio measured separately for tt and DY control
regions
e  Background estimation from applying ratio to “sideband”
of SR where one or more leptons fails tight selection
e  Tau: ttbar or DY ratio applied depending on major
contribution in the SR

Electron sign misid probability from simulated DY, ttbar
and diboson production
e Validated and normalized in DY control region

Muon sign misid probability found negligible in MC
— Estimated from MC

16



SUS-19-012: Strategy and sel

Search categories defined according to:

e Number of leptons
e Flavor content
e  OSSF pairs
3 light leptons, no OSSF
e Sensitive to nonresonant lepton production
from H decay
e Targets H->WW (BR ~ 20%)
e SRsbinned in min(AR(], 1))

e Highly sensitive to flavor democratic

Large background from SM L

2 strategies:
o A set of SR
o Parametric Neural network

Parametric NN

e  Parametric in dm =
M(NLSP)-M(LSP)
Relatively small difference
between different mass points
but equal dm
Training for slepton mediated
(for 3 different slepton mass
points) and WZ decay models

Set of SRs:
e Binned in MT, missing
transverse energy, HT and M(|,
1)

3 light leptons, OSSF

Simulation 137 fb~' (13 TeV)

XiX3 — WZXIX?

—— Al &m
—— Veto single &m
—— Train single &m

CMS

X wzi"xl“’usun 30) & Data
Cwz [ Nonprompt
. zzH Xy
Ittt + X Il Multiboson
[ Total bkg

137 b (13 TeV)

0. 0.6 8 1
Neural network output




SUS-19-012: Strategy and selection

e Sensitive in “compressed” e Sensitive to right-handed e Sensitive to gauge mediated
scenarios (soft leptons): sleptons and scenarios where models
O  Small dm other sleptons are too heavy e SRs for different final states:
o  slepton mass close to ® SR strategy for different final o (4 light leptons,
NSLP or LSP mass states: smu\f‘ ml:tu inricl;d sceni»mtg j“cl“tj 2 OSSF ]
i i o [ OSSF li eptons + tau with 2 Z . .
e SRsbinned in MT2, pT(l, 1), | osor I?ght : el; o + tan bons |0 4 leptons including

missing transverse energy taus or without 2

o { SSOF light leptons + tau

137" (13 Tel) O [ 1 hght lepton + 2 taus [ omifated
137 fb' (13 TeV)

4 Daa Cwz I Mutticoson
L8 Total bkg. unc. B zzH B x+v

I i+ x [ Nonprompt
. e [ Fips
My, (Il) > 80 GeV
5, 0)<20600 | 5,002 2066y

Stat. bkg. unc.

0-80 80-120 2120 0-250 550-500 2500
My, (GeV) M7 (GeV)

0-150  150-250 150-250 250-400 =400

M,(Z2) (GeV)




SUS-13-012: NN

CMS Simulation 137 fbo! (13 TeV) CMS Simulation 137 fb~' (13 TeV)

—— Veto single ém
—— Train single &m

CMS Simulation

—— Veto single ém
—— Train single m

0 200 400 600 800 1000 1200 1400 1600 0 200
&m (GeV)

—— Allém
—— Veto single 6m
—— Train single ém

137 fb™! (13 TeV)

—— Allém
Veto single m
Train single ém

400 600 800 1000 1200 1400 1600
&m (GeV)

CMS simulation 137 fo-! (13 TeV)

—— All é&m
—— Veto single ém
—— Train single &m

CMS sSimulation 137 fo-' (13 TeV)

X0 - Bule, x = 0.95

—— Allém
—— Veto single 6m
—— Train single ém

200 400 600 800 1000 1200 1400 1600
&m (GeV)
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SUS-13-012: NN

WZ mediated

137 b (13 TeV)
— FHo— WZY(1,(150/130) @ Data
[Jwz [ Nonprompt
B zzH +y
Bttt + X [l Multiboson
-Total bkg unc.

20 GeV

06 08
Neural network output

slepton mediated

137 6™ (13 Tev)
—— Ty WZL7,(275/185) & Data

= WZ [ Nonprompt
B zzH
Bttt + X [l Multiboson
Total bkg. unc.
T %y WZTL T, 5m = 90 GeV

02 04 06
Neural network output

137 o' (13 TeV)
—— %75 WZF}%,(650/50) @ Data
Jwz [ Nonprompt
B zzH
Bt + X [l Muttiboson
otal bkg. unc.
2 WZZ,7,, 5m = 600 GeV

Total bkg. unc.

02 04 06 08
Neural network output

— X% WII(750/700) ¢ Data
B Nonprompt

X+ y
B Multiboson

50 GeV

0. 4 .
Neural network output
137 o' (13 TeV)
z s Wil(300/250) ¢ Data
W = Nonprompl

i+ X ] Mumbcson
[ Total bkg. unc.
Wil x = 0.05, 5m = 50 GeV

02 0. 4 0.6 .
Neural network output

Nonprompt
X
[ Multiboson

95, 3m = 50 GeV

Stat. bkg. unc. Total bkq unc.

0.6
Neural network output

— %~ (300/800) ¢ Data
[ Nonprompt
WX+
B Multiboson

m = 100 GeV

0 4
Neural network output

13710 (13 Tev)
°_ W1(500/400) ¢ Data
] Nonprompl

m Mumboson
[ Total bkg. unc.
“zfe Wil, x = 0.05, 5m = 100 GeV

0 4 0.6
Neural network output

7 (13 TeV)

Nonprompl
X
- Multboson

7 Wil, x = 0.95, 8m = 100 GeV

Stat. bkg. unc. Total bkg. unc.

0. 0.6 0.8 1
Neural network output

350/550) @ Data
[ Nonprompt
WXy
I Multiboson

=800 GeV

02 0. 4 X
Neural network output

137 fo” (13 TeV)
- Wil(1300/500) & Data
[ Nonprompt
+Y
I Multiboson

0.05, 3m = 800 GeV

Nonprompt
I X+y
[ Multiboson

0.95, 3m = 800 GeV

Stat. bkg. unc. Total bkg unc.

0.2 0.4 0.6
Neural network output



SUS-19-012: Search Regions

137 b (13 TeV)
SR 2ISS
¢ Data [ Jwz B Multiboson

#5528 Total bkg. unc. B zzH [ X+ 2 same sign light
—pp ;zfaz" — Ivll, x=0.95 (400/350) B 7t X [ Nonprompt 1eptons
s pp = ¥,%, = M, x=0.05 (500/1) Bl V- [ Flips

My, (I) =0 GeV o< My, (I) <80 GeV M., (Il) > 80 GeV “31SS”

P, (1) =70 GeV P, (Il) <30 GeV II:SOGeV P, (Il) < 200 GeV P, (1) = 200 GeV

Stat. bkg. unc.
Total bkg. unc.
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SUS-19-012: Search Regions

3 light leptons 3 leptons: 2 OSSF light leptons + 1 tau
No OSSF pair
“31B”

137 b (13 TeV)
SR 3IC
¢ Data [ Jwz B Multiboson
— ’iv!, x = 0.5 (600/300) B zzH [ Nonprompt
— 0 W, x = 0.5 (900/1) B i+ X & Total bkg. unc.

137 o' (13 TeV)

[CJwz [l Multiboson
#2 Total bkg. unc. Wt + XX +y
— %30~ Wy °(150/25 @ VH [l Nonprompt

& ()
— xixg—> WHyx{(150/1)

50 < p'T"iss <200 GeV 200 < p:‘ss <300 GeV prs* > 300 GeV

RRX XX RX XXX

Stat. bkg. unc.
Total bkg. unc.

o0 02 04 06 08 1 12 14 16 18 2

min(AR(L))

0-80 80-120 >120 0-250 5 50-500 >500
M,, (GeV) M (GeV)




SUS-19-012: Search Regions

137 o' (13 TeV)

SR 3ID

¢ Data [ Jwz B Multiboson
—_— xfxg—> T, x = 0.5 (225/125) B zzH B X+

— XXy TVT, X = 0.5 (500/1) B it - X [ Nonprompt
8888 Total bkg. unc. Bl VH

M;,(Il) < 80 GeV Mq,(I)

M, < 60 GeV 60 <M, < 100 GeV M, > 100 GeV

Stat. bkg. unc.
Total bkg. unc.

- ¢

50-100 100-150150-200200-250 >250 50-100 100-150150-200200-250 =250 50-100 100-150150-200 =200 50-200 >200

p;ﬂss (GeV)

3 leptons:
2 OSOF light
leptons +
1 tau
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CMS 137 fb" (13 TeV)
SR 3IE

¢ Data CJwz I Multiboson
— xfx°—> Tit, x = 0.5 (225/125) B zzH I X+v
— xfx2—> Vi, x = 0.5 (500/1) B T+ X [ Nonprompt
L S8 Total bkg. unc. B VH
SUS-19-012: Search Regions <0 i o0
M'n. <50 GeV Mhn <100 GeV I Mh.. > 100 GeV

4 leptons, 3 leptons:
2 OSSF pairs 2 SS light ’
leptons +1 .3 , . . . . .

-1 = Stat. bkg. unc. | | E
137 fb™" (13 TeV) tau 2F- © Total bkg. unc. | | =
] ] JE . ¢ . a $ ] " ]
¢ Data B 99—H-zz Il VH 3 a E ) I ) ) ) T ) E
— 0 2285 000 Mo 2z MMutiboson ] 50-100 100-250 =250 50-100 =100 50-150 =150 50-2oopmissz(28gv)

— %X}~ HZGG (150) [ go—2zz [ Nonprompt E I
2%~ HHGG (150) Il + X 22 Total bkg. une. 7 CMS 137 fb™ (13 TeV)

_ SR 3IF
3 ¢ Data Cwz I Multiboson
] 3 leptons; — x50 Wit x = 0.5 (225/125) I ot + X [ Nonprompt
—— * 10— Wt x = 0.5 (500/1) 88 Total bkg. unc. B v+

1 light
lepton e M, <100 Gev
2 tau

My,(it,) < 100 GeV

M, >100 GeV

Lol

_5? F | Total bkg. unc. 1
@ 2? I Stat. bkg. unc. 7; E Stat. bkg. unc. E
g 1: o | I 1 ;— Total bkg. unc. I _;
r = I P .
O i ¢ : b = - i } ; ; v i -
0 E 3

0150 150250 150-250 250-400 > 400
M, (Z2) (GeV)

50-100 100-150 150-200 200-250 250-300 =300 50-100 100-150 150-200 200  50-200 5200
pree (GeV)



4 light leptons,
no OSSF pairs

2 light leptons + 2
tau
PAONNA

137 fo'' (13 TeV)

SR 4H

¢ Data - [ qa—zz [l Muttivoson
%3 HHGG (150 W Mog>2z @X+7

x> HZGG (150) EMtT+X [ Nonprompt GG (150) [Mti+x
Total bkg. unc. B Total bkg. unc. | \CI

AR" > 0.8

I AR"<0.8 AR" 208
|
|
!

Stat. bkg. unc. > Stat. bkg. unc.
Total bkg. unc. Total bkg. unc.

[ Nonprompt

MW oo-H-zz IlVH - M as—zz @VH
°—> HzGG (150) [aa—>2z [l Muliboson #¢— HHGG (150) [ 99— 2z [l Multiboson

x40~ HHGG (150) [gg—2z [ Nonprompt — %X}~ HZGG (150) [t +X
‘otal bkg. unc. [ [ otal bkg. unc.

H
AR" 208 AR"<0.8 AR" 20.8

Stat. bkg. unc.
Total bkg. unc.

[ Nonprompt

AR"<0.8

3 light leptons + 1 tau

2 light leptons +
2 tau
1 or less OSSF
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SUS-19-012: Results

137 fb~' (13 TeV)

95% expected —— 68% expected - Observed

No significant excess observed:
e Shaded area:
Expected test statistic
e P distributions from
95% expected ~ —— 68% expected - Observed ‘ background—only ﬁt
e Points:
Observed test statistic

Test statistic

Test statistic
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SUS-19-012: Interpretation

137 fb" (13 TeV) 137 o' (13 TeV)
1400[PP = %7 — M, BRGG— )=1, m = 0.05m,.+0.95m,,

(NN)  NLO+NLL excl.
NN) = Expected (SR)

PP = X7, = Vi, BRE,— i)=1, m =05
bserved + 1 Seory (NN)  NLO+NLL excl.

=== Expected * 1 0,0imen (NN)= Expected (SR)
~— JHEP03(2018)166 obs.

Observed £ 1,
Expected £ 1 64,0cimen (

= JHEP03(2018)166 obs.

theory

95% CL Upper limit on cross section (fb)
95% CL Upper limit on cross section (fb)

1200 1400 600 800 1000 1200 1400

- m, (GeV) Slepton-mediated
; flavor democratic
decays

pp - %7, — W, BRE— l)=1, m. = 0.95m,.+0.05m.,
Observed + 16y, (NN)  NLO+NLL excl.

Expected + 1 Gexperiment (NN) = Expected (SR)
~—JHEP03(2018)166 obs.
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SUS-19-012: Interpretation

137 fo' (13 TeV)
PP = %%, — W, BRE,—> l)=1, m = 0.05m,+0.95m.,
Observed + 1 Siheory NLO+NLL excl.
Expected + 16, qiment = JHEP03(2018)166 obs.

137 fo" (13 TeV)

—_

(=
>

(=
>

Observed + 16y, NLO+NLL excl.
Expected + 16, ciment — JHEP03(2018)166 obs:

95% CL Upper limit on cross section (fb)
95% CL Upper limit on cross section (fb)

=
1S
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SUS-19-012: Interpretation

137 b (13 TeV) 137 b (13 TeV)
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bserved £ 16, NLO+NLL excl.
xpected + 16,,00imen — JHEP03(2018)166 obs.

—_
o
>

pp — i:ig - T, BR()'(Z—)ﬁ):L m, = 0.05m..+0.95m,

Observed + 16 NLO+NLL excl.
Expected + 1,

theory

experiment

95% CL Upper limit on cross section (fb)

)
=
c
K<)
kst
1)
(2]
12}
o0
o
Q
5]
(=
IS
par
£
=
9]
o
o
o)
_
(@]
2
e}
o

Slepton-mediated
tau-dominated
decays

137 b (13 TeV)
N

PP - %X, — e, BRE,-)=1, m, = 0.95m, .+0.05m
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CMS 137 fo' (13 TeV)
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SUS-19-012: Interpretation GMSB 27 decay —__

GMSB HZ decay
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Heavy Neutral Leptons e HNL production in decays of W

bosons
e Depending on the mass of the HNL,

° No direct

ﬁfﬁﬁﬁs different scenarios arise
HNL

® Interactions Low Mass: m(N) < m(W)
through W from HNL decay off-shell
mixing of
HNL with SM
neutrinos o 1GeV<m(N)<15GeV:

T X EiIVQN|_2m]*V5

Ongoing Full Run IT HNL analyses: : I[J)(i)illfl;?sidgjliﬁns
e Long-lived HNL (displaced)
o ® Trilepton final state ( ) o 10GeV<m(N) <80 GeV:
— TG Prompt HNL
— Results are public and about to publish
o  Two same sign lepton final state ( ) High Mass: m(N) > m(W)
— UGent, UCL, Antwerp First W off-shell
— Almost final
e  Short-lived HNL (prompt): UGent-ULB e 80 GeV < m(N) <1500 GeV
o  Previous iteration with 2016 data:
o Now adding tau coupling! 32



https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=EXO-20-009&tp=an&id=2360&ancode=EXO-20-009
https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=EXO-21-011&tp=an&id=2468&ancode=EXO-21-011

Displaced dilepton analysis: expected limits

CMS Preliminary 138 fb™! (13 TeV) CMS Preliminary 138 fb™! (13 TeV)
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Displaced trilepton analysis: limits

137 fb™' (13 TeV) 137 fb™' (13 TeV)
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